Introduction
Millimeter wave bands are employed in a wide range of commercial, military and scientific applications. Especially, for example, military radar systems are used to identify the range, altitude, direction, or speed of targeting objects.
Millimeter wave radars offer better range resolution than microwave radars, and can penetrate fog, smoke and other obscurants much better than infrared sensors. Thus, the frequency band of radar systems was recently extended to millimeter wave band [1] , [2] and millimeter wave band is used for the detecting radar system of ground-vehicle system such as tanks. To prevent own ships, aircrafts, and/or facilities from detecting by enemies, it is essential and important to develop an EM wave absorber for millimeter wave band [3] . To develop an EM wave absorber for millimeter wave band, in general, many materials such as carbon black, titanium dioxide, permalloy, etc. are investigated [4] . However, the EM wave absorbers using these materials almost have been reported in manufacturing and experimentally measured results. Therefore, the purpose of this paper is to analyze the absorption characteristics for EM wave absorber using these materials by one dimensional FDTD within a thickness of less than 1.0 mm. To analysis an EM wave absorber in millimeter wave band, we fabricated absorber samples using carbon black, titanium dioxide, permalloy with chlorinated polyethylene (CPE), The impedances of the absorbers have been measured by using rectangular waveguide and jig. The complex relative 
Theory of the EM wave absorber
For a conductor-backed single layer EM wave absorber as shown in Fig. 1 , the Return Loss (RL) can be obtained by using the equivalent circuit in Fig. 1 as follows [5] [6] :
Here,   is the normalized input impedance. waveguide region [7] .
The normalized impedance [8] is expressed by eq.(2).
The reflectionless condition for normal incidence of an electromagnetic wave is given by eq. (3).
Hence, the material constants (complex relative permittivity    and permeability    ) and the sample thickness can be found by solving eq. (3).
Material properties

Sample preparation
We fabricated some samples in different composition ratios of carbon black and titanium dioxide and permalloy with CPE. These materials were mixed with the binder of CPE, and the sheet-type absorber was fabricated by using an open roller. The manufacturing process of absorber is shown in Fig. 3 . The dimensions of the samples were 2.54×1.27×1.5 mm and 2.54×1.27×3 mm.
Measurement method
The measurement system is composed of ANRITSU ME 78080A broadband vector network analyzer, rectangular waveguide, sample jig, and short circuit, which is shown in 
Measurement results
The measurement equipments in this paper are used for the reflection measurement. Figure 7 shows the composition ratio dependence on the measured reflection coefficients for the samples using carbon black with 2 mm thickness. The optimum composition ratio of carbon black is expected as about 30 wt.%. The material constants of these samples are calculated from S-parameter using    method [9] . Figure 10 shows the measured complex relative permittivity of sample containing 30 wt.% of carbon black at frequency range of 65 ～110 GHz. Figure 11 shows the measured complex relative permittivity of sample containing 70 wt.% of titanium dioxide at frequency range of 65～110 GHz. 
FDTD simulation
To analyze the absorption characteristics of the EM wave absorber according to difference thicknesses, onedimensional FDTD analysis [10] was applied by using only 
Where   is the static permittivity at first frequency in measured frequency range,  ∞ is the infinite frequency permittivity,   is the relaxation time, and    is the frequency domain susceptibility.
In this paper, parameters of sample using carbon black ∆ is the cell size, and   is the velocity of light. To meet the Courant condition, ∆ has to be determined under the condition of . Table 1 shows parameters in FDTD simulation. Step number
The reflection coefficients are simulated by calculating the reflections of a Gaussian derivative pulse [11] normally on the EM wave absorber. The Gaussian derivative pulse is incident from the right on the proposed EM wave absorber.
In the FDTD algorithm, the electric field and the magnetic field are renewed. After the magnetic field is calculated, in other words the calculated value is stored in computer memory. Then the electric field is calculated after ∆ . This is to be repeated while the transient phenomena is disappeared. show that all carbon particles were well mixed with the CPE and that no air holes were presented. 
